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ABSTRACT 

Aims/Introduction: We investigated the factors associated with the reliability of insulin 
self-injection in elderly diabetic patients receiving insulin therapy. 
Materials and Methods: We enrolled diabetic patients aged >65 years and receiving 
insulin therapy, and assessed their cognitive function by the mini-mental state examina- 
tion and 1-min mental status examination for category fluency. We also observed their 
technique of insulin self-injection, and evaluated whether or not patients were able to 
inject insulin by themselves according to nine defined details in terms of insulin self-injec- 
tion. The predictive factors for the reliability of insulin self-injection were determined 
by univariate and multivariate logistic regression analysis. There were 278 participants 
(135 males, 143 females) enrolled in the present study. 

Results: According to multivariate logistic regression analysis, only the 1-min mental sta- 
tus examination score was found to be a significant independent predictor of the reliabil- 
ity of insulin self-injection (odds ratio 0.75; 95% confidence interval 0.62-0.90; P = 0.002). 
Conclusions: The 1-min mental status examination for category fluency can be consid- 
ered more useful than mini-mental state examination to evaluate the reliability of insulin 
self-injection in elderly diabetic patients receiving insulin therapy. 
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INTRODUCTION 

Insulin therapy is the most effective treatment for glycemic con- 
trol in diabetic patients, and it is indispensable for type 1 diabe- 
tes. Many diabetic patients inject insulin by themselves daily in 
cases of worsened glucose metabolism, and some develop 
diabetic ketoacidosis. Difficulties, such as physical and/or mental 
disabilities, render them unable to carry out insulin self-injection. 
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In such cases, they must be helped by family members, nurses 
and doctors to administer their insulin treatment. 

Diabetes is associated with a significantiy increased risk of 
cognitive decline and dementia 1 ' 2 . It is easy to understand why 
elderly diabetic patients with dementia cannot correctiy self- 
inject insulin, and consequently their glycemic control worsens. 
To the best of our knowledge, there is no report showing an 
association between cognitive dysfunction and insulin self-injec- 
tion. The question is what degree of cognitive function is neces- 
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sary for diabetic patients to correctly self-inject insulin. Also, 
there is the question of whether other factors are associated 
with the ability to self-inject insulin reliably, for instance age, 
glycemic control or years of education. 

Therefore, we examined the factors associated with the reli- 
ability of insulin self-injection in elderly diabetic patients receiv- 
ing insulin therapy. 

MATERIALS AND METHODS 

We enrolled 278 consecutive diabetic patients aged >65 years 
and receiving insulin therapy. We obtained data on patients' 
age, duration of diabetes and insulin therapy, age at the start of 
insulin therapy, average glycated hemoglobin (HbAlc) during 
the previous 3 months and total years of education. 

HbAlc values were converted from Japan Diabetes Society 
(JDS) values to National Glycohemoglobin Standardization Pro- 
gram (NGSP) values using the following formula: HbAlc 
(NGSP equivalent value) (%) = 1.02 x HbAlc (JDS value) 
(%) + 0.25% (i.e., NGSP [%] = JDS [%] + 0.3% in the range of 
JDS <4.9%; NGSP [%] = JDS [%] + 0.4% in the range of JDS 
5.0-9.9%; and NGSP [%] = JDS [%] + 0.5% in the range of 
JDS 10-14.9%) 3 . 

Patients were administered both the mini-mental state exam- 
ination (MMSE) 4 and the 1-min mental status examination for 
category fluency (inquiring about the participant's name, and 
asking him or her to list as many different animals as possible 
in 1 min) 5 in order to evaluate their cognitive function. We 
also observed each patient's insulin self-injection technique. 
Some patients received help with self-injection from family 
members or caregivers. However, we assessed these patients' 
ability to inject insulin without such help. 

Only one patient injected insulin by 1-cc syringe (Humulin N®; 
Eli Lilly, Indianapolis, IN, USA). All the other patients used pen- 
type insulin devices, such as FlexPen® (Novo Nordisk, Bagsvaerd, 
Denmark), MirioPen®/KwikPen® (Eh Lilly) and SoloSTAR® 
(Sanofi, Paris, France). 

We denned the following nine points as important details 
when determining whether patients were able to inject insulin 
by themselves: (i) open the cap of the insulin device; (ii) check 
the amount of insulin remaining in the cartridge; (iii) attach 
the hypodermic needle; (iv) set up the target dial; (v) prick the 
skin with the needle; (vi) push the syringe plunger directly and 
smoothly; (vii) inject insulin for more than 5 s; (viii) recheck 
the dial at '0' after the injection; and (ix) remove the needle 
and close the cap of the insulin device. Use of sterile technique 
(e.g., sterilizing the injection site with an alcohol swab before 
injection) was not considered essential for insulin self-injection. 
If a patient was unable to follow any of the aforementioned 
instructions, we classified insulin self-injection as 'impossible' 
for him or her. 

The current study was approved by the Research Ethics 
Committee of the Health Edition Center Science Clinic (Yoko- 
hama, Japan), and all patients gave written informed consent 
before the start of the study. 



Statistical Analysis 

All statistical analyses were carried out using IBM SPSS 21.0 
software for Windows (Chicago, IL, USA). All results were 
expressed as means ± standard deviation or numbers. Continu- 
ous variables in the two groups were compared using an 
unpaired Student's Mest or Mann-Whitney test according to 
the data distribution with or without normality. Categorical 
variables were analyzed by Fisher's exact test. The predictive 
factors for the reliability of insulin self-injection were assessed 
by univariate and multivariate logistic regression analyses. The 
resulting odds ratios (ORs), as well as 95% confidence intervals 
(CIs), are reported, along with the P-values. 

According to the average HbAlc during the previous 
3 months, we divided the patients into three groups: <6.9% as 
reference, 6.9-8.3% and >8.4%. If there was collinearity between 
the two variables, one was excluded from the multivariate 
regression model. In addition, the receiver operating character- 
istics (ROC) curve was used to determine the cut-off value of 
an independent predictor factor, and to assess the accuracy for 
the reliability of insulin self-injection. A P value of <0.05 was 
considered statistically significant. 

RESULTS 

Table 1 summarizes the patients' characteristics. Table 2 shows 
the patients' characteristics for the 'impossible' and 'possible' 
groups. Data from three people were excluded because impor- 
tant components of their insulin injection technique could not 
be assessed. The mean age and average HbAlc during the pre- 
vious 3 months in the 'impossible' group were significantly 
higher than in the 'possible' group. The mean MMSE score 
and 1-min mental status examination score in the 'impossible' 
group were significantly lower than in the 'possible' group. 
There was no significant difference in the mean of duration of 
diabetes, duration of insulin treatment, age at start of insulin 
treatment or total education between the two groups. 

The ORs and 95% CIs for each predictive factor related to 
the reliability of insulin self-injection, as analyzed by univariate 
and multivariate logistic regression analysis, are shown in 
Table 3. According to multivariate logistic regression analysis, 
only the 1-min mental status examination score was an 



Table 1 | Patient characteristics 



Male/female 


135/1 


43 


Age (years) 


75.3 + 


5.9 


Duration of diabetes (years) 


21.6 + 


10.2 


Duration of insulin treatment (years) 


9.58 + 


7.67 


Age at start of insulin therapy (years) 


65.6 + 


9.1 


Average HbAlc, previous 3 months (%) 


7.78 + 


1.23 


Total education (years) 


12.0 + 


3.5 


Mini-mental status examination score 


25.6 + 


3.8 


1-min mental status examination score 


11.8 ± 


3.8 



Data are expressed as numbers or means + standard deviation 
(n = 278). HbAlc, glycated hemoglobin. 
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Table 2 | Patients' characteristics of the 'impossible' and 'possible' 
groups 





Impossible 


Possible 


P-values 




group 


group 






(n - 29) 


{n — z4o; 




Male/female 


17/12 


117/129 


0.327* 


Age (years) 


78.0 + 4.6 


75.0 + 6.0 


0.01 Ot 


Duration of diabetes (years) 


25.7 + 1 2.5 


21.1 + 9.8 


0.061 1 


Duration of insulin 


9.74 + 8.06 


9.49 + 7.55 


0.874t 


treatment (years) 








Age at start of insulin 


68.3 + 7.5 


65.4 + 9.1 


0.062t 


Liicidpy \ycdis^ 








Average HbA1c, previous 


8.46 + 1 .97 


7.70 +1.10 


0.002t 


3 months (%) 








Total education (years) 


11.2 + 3.0 


12.0 + 3.6 


0.256t 


Mini-mental status 


22.8 + 5.0 


25.9 + 3.5 


<0.001 1 


examination score 








1-min mental status 


8.7 + 2.8 


12.2 + 3.7 


<0.001 1 


examination score 








Data are expressed as numbers 


or means + 


standard deviation. 





As determined by *Rsher's exact test, tunpaired f-test, tMann -Whitney 
test. HbAlc, glycated hemoglobin. 

independent factor associated with the reliability of insulin 
self-injection (OR 0.75; 95% CI 0.62-0.90; P = 0.002). 

The cut-off value and the area under the curve (AUC) in the 
ROC curve are shown in Table 4. A 1-min mental status 
examination score of <10 predicted insulin self-injection to be 
'impossible', with a sensitivity of 65.6% and a specificity of 
69.0%. As this AUC was 0.77 (95% CI 0.69-0.85; P < 0.001), 
the accuracy of a cut-off 1-min mental status examination score 
of 10 was estimated as 77%. 

DISCUSSION 

The aim of the present study was to investigate what factors 
are associated with the reliability of insulin self-injection in 



Table 4 | Cut-off value and the area under the curve in the receiver 
operating characteristics curve with 1 -min mental status examination 
for the reliability of insulin self-injection 



Cut-off 


AUC 


P-value 


value 


(95%CI) 




1-min mental status examination 10 


0.77 (0.69-0.85) 


O.001 


score 







AUC, area under the curve. 



elderly diabetic patients receiving insulin therapy. Age, average 
HbAlc during the previous 3 months, MMSE score and 1-min 
mental status examination score were significanuy different 
between the 'impossible' and 'possible' groups. These were also 
associated factors for the reliability of insulin self-injection by 
univariate analysis. 

The glycemic target for patients with diabetes should be indi- 
vidualized. The position statement of the American Diabetes 
Association and the European Association for the Study of Dia- 
betes states that a HbAlc of <7.5-8.0% might be acceptable, 
transitioning upward as age increases and capacity for self-care; 
cognitive, psychological and economic status; and support sys- 
tems decline 6 . The present study suggests that HbAlc levels of 
>8.4% might not be desirable for elderly diabetic patients 
receiving insulin therapy regarding the reliability of insulin self- 
injection. Also, it might be necessary to consider the fact of 
poor technique of insulin self-injection causing the worsening 
of glycemic control to >8.4%. 

The present study shows that cognitive dysfunction, as indi- 
cated by MMSE score and/or 1-min mental status examination 
for category fluency score, is associated with the reliability of 
insulin self-injection. A MMSE score to assess cognitive 
function might be an important component of the clinical eval- 
uation of patients with type 2 diabetes mellitus 7 . However, the 
MMSE has some disadvantages, including insensitivity to the 



Table 3 | Predictors for the reliability of insulin self-injection determined by univariate and multivariate logistic regression analysis 

Univariate P-values Multivariate P-values 



Odds ratio (95% CI) Odds ratio (95% CI) 



Male 


1.56 (0.72- 


■3.41) 


0.263 


1.53 (0.56- 


4.20) 


0.406 


Age >75 years 


2.95 (1.21 - 


■7.15) 


0.017 


1.29 (0.38- 


■4.36) 


0.686 


Duration of diabetes >20 years 


1.61 (0.72- 


■3.60) 


0.249 


2.10 (0.69- 


■6.38) 


0.193 


Age at start of insulin therapy >65 years 


2.43 (1.00- 


■5.94) 


0.051 


1.68 (0.51- 


■5.52) 


0.397 


Average HbAI c, previous 3 months (%) 














<6.9 


Reference 




0.004 


Reference 




0.160 


6.9-8.3 


0.79 (0.25- 


■2.46) 


0.686 


1.56 (0.36 - 


-6.70) 


0.552 


>8.4 


3.28 (1.12- 


■9.65) 


0.031 


3.66 (0.81 - 


■16.55) 


0.092 


Total education <12 years 


1.41 (0.58- 


■3.42) 


0.443 


1.01 (0.36- 


■3.14) 


0.986 


Mini-mental status examination score 


0.84 (0.77- 


■0.92) 


<0.001 


0.96 (0.83- 


■1.10) 


0.532 


1 -min mental status examination score 


0.74 (0.65- 


■0.85) 


<0.001 


0.75 (0.62- 


■0.90) 


0.002 



HbAlc, glycated hemoglobin. 
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earliest changes in highly educated individuals and lack of abil- 
ity to measure executive function. Yamazaki et al. & reported 
that at least 30 of 240 elderly diabetic patients in whom family 
and medical staff had not noticed any cognitive impairment, 
but who had received a diagnosis of evident dementia, 
including early Alzheimer's disease (AD) or mild cognitive 
impairment (MCI), were overlooked by the MMSE screening 
criteria. In addition, it is not easy to administer MMSE to 
numerous elderly diabetic patients at a crowded routine clinical 
practice for outpatients, because the examination takes 
10-15 min. 

Hanyu et al. 5 reported that 1-min category fluency is the 
best measure to discriminate patients with AD from control 
subjects, with 87% of AD patients correctly classified using an 
optimal cut-off score of 13 (sensitivity 0.91, specificity 0.81). 
They also concluded that 1-min category fluency is the best 
instrument to distinguish patients with MCI from control sub- 
jects, with 75% of MCI patients correctly classified using an 
optimal cut-off score of 14 (sensitivity 0.81, specificity 0.69). 
Therefore, Hanyu et al. suggested that the 1-min category 
fluency can be applied as a screening test in clinics. 

After multivariate logistic regression analysis, the 1-min men- 
tal status examination score was shown to be the only factor 
independently associated with the reliability of insulin self-injec- 
tion in the present study. Because it is difficult to observe and 
evaluate the insulin injection technique for all patients receiving 
insulin therapy, we might be able to use the 1-min mental sta- 
tus examination to select patients whose insulin self-injection 
technique should be checked. In this way, 1-min category 
fluency is useful to evaluate not only cognitive function, but 
also the reliability of insulin self-injection. 

It is unclear why patients with cognitive dysfunction lose the 
ability to continue to inject insulin by themselves. Semantic 
category fluency test score is associated with functions of the 
medial temporal lobe, which includes the hippocampus and 
entorhinal cortex 9-15 . Kitabayashi et al. 16 reported that semantic 
category fluency is most strongly correlated with blood flow to 
the left posterior temporal cortex (Broadmann's areas 22-37). A 
functional magnetic resonance imaging system study showed 
that temporal lobe activation is required for the process of 
retrieval by category in control subjects 9 . Semantic category 
fluency requires a search through semantic or conceptual mem- 
ory, and it is critically dependent on an adequate knowledge of 
the physical and/or functional attributes that define a particular 
semantic category. Accordingly, semantic category fluency has 
been found to rely on lateral and inferior temporal lobe regions 
known to be involved in object perception, recognition, imagery, 
and naming 15-18 . Episode memory, such as face recognition, 
word recognition and random recall, is also highly dependent 
on the medial temporal lobe 19 . Considering the results of the 
present study, the process of the insulin self-injection technique 
might be associated with the medial temporal lobe function. 

The present study had some limitations. First, we selected 
the 1-min mental status examination for category fluency 
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using only the category 'animals'. We consider that the category 
'animals' is more appropriate than the category 'vegetables' to 
measure semantic category fluency, because it is not affected 
by sex differences 20 . However, the influence of individual 
differences cannot be denied, because the examination was car- 
ried out using only one category. Second, we did not adminis- 
ter the 1-min mental status examination for letter fluency. This 
test is as easy as category fluency test, and has been found to 
correlate with prefrontal lobe functioning 21 . If the association 
between letter fluency and the reliability of insulin self-injection 
is established in future studies, it would be expected to contrib- 
ute to the elucidation of how the action of insulin self-injection 
is processed in the brain. 

In conclusion, the present study shows that an independent 
associated factor for the reliability of insulin self-injection is not 
the MMSE score, but rather the 1-min mental status examina- 
tion score for category fluency. This examination is more useful 
than the MMSE to evaluate the reliability of insulin self-injec- 
tion in elderly diabetic patients receiving insulin therapy. 

ACKNOWLEDGEMENTS 

All authors contributed to the research data and the discussion, 
and wrote and edited the manuscript. Ken Yajima, as the guar- 
antor of the study, had full access to all the data in the study, 
and takes responsibility for the integrity and accuracy of the 
data analysis. There are no conflicts of interest. 

REFERENCES 

1. Cukierman T, Gerstein HC, Williamson JD. Cognitive decline 
and dementia in diabetes — systematic overview of 
prospective observational studies. Diabetologia 2005; 48: 
2460-2469. 

2. Biessels GJ, Staekenborg S, Brunner E, et al. Risk of dementia 
in diabetes mellitus: a systematic review. Lancet Neurol 2006; 
5: 64-74. 

3. Kashiwagi A, Kasuga M, Araki E, et al. International clinical 
harmonization of glycated hemoglobin in Japan: from 
Japan Diabetes Society to National Glycohemoglobin 
Standardization Program values. J Diabetes Invest 2012; 3: 
39-40. 

4. Folstein MF, Folstein SE, McHugh PR. "Mini-mental state". A 
practical method for grading the cognitive state of patients 
for the clinician. J Psychiatr Res 1975; 12: 189-198. 

5. Hanyu H, Kume KK, Takada Y, et al. The 1 -minute mental 
status examination in the memory clinic. J Am Gerlatr Soc 
2009; 57: 1130-1131. 

6. Inzucchi SE, Bergenstal RM, Buse JB, ef al. Management of 
hyperglycemia in type 2 diabetes: a patient-centered 
approach: position statement of the American Diabetes 
Association (ADA) and the European Association for the 
Study of Diabetes (EASD). Diabetes Care 2012; 35: 1364-1379. 

7. Alencar RC, Cobas RA, Gomes MB. Assessment of cognitive 
status in patients with type 2 diabetes through the Mini- 



2013 The Authors. Journal of Diabetes Investigation published by AASD and Wiley Publishing Asia Ply Ltd 



J Diabetes Invest Vol. 5 No. 3 May 2014 



343 



ORIGINAL ARTICLE 
Yajima et al. 



http://onlinelibrary.wiley.com/journal/jdi 



Mental Status Examination: a cross-sectional study. Diabetol 
Metab Syndr 201 0; 2: 10. 

8. Yamazaki Y, Miwa T, Sakurai H, et al. Clinical backgrounds 
and morbidity of cognitive impairment in elderly diabetic 
patients. Endocr J 201 1 ; 58: 1 09-1 1 5. 

9. Pihlajamaki M, Tanila H, Hanninen T, et al. Verbal fluency 
activates the left medial temporal lobe: a functional 
magnetic resonance imaging study. Ann Neurol 2000; 47: 
470-476. 

10. Nutter-Upham KE, Saykin AJ, Rabin LA, et al. Verbal fluency 
performance in amnestic MCI and older adults with 
cognitive complaints. Arch Clin Neuropsychol 2008; 23: 
229-241. 

11. Henry JD, Crawford JR. A meta-analytic review of verbal 
fluency performance following focal cortical lesions. 
Neuropsychology 2004; 18: 284-295. 

12. Martin A, Wiggs CL, Lalonde F, ef al. Word retrieval to letter 
and semantic cues: a double dissociation in normal 
subjects using interference tasks. Neuropsychologia 1994; 32: 
1487-1494. 

13. Paulesu E, Goldacre B, Scifo P, et al. Functional 
heterogeneity of left inferior frontal cortex as revealed by 
fMRI. NeuroReport 1997; 8: 2011-2017. 

14. Mungas D, Jagust WJ, Reed BR, et al. MRI predictors 
of cognition in subcortical ischemic vascular disease 
and Alzheimer's disease. Neurology 2001; 57: 
2229-2235. 



15. Mummery Q, Patterson K, Hodges JR, ef al. Generating 
'tiger' as an animal name or a word beginning with T: 
differences in brain activation. Proc Biol Sci 1996; 263: 
989-995. 

16. Kitabayashi Y, Ueda H, Tsuchida H, et al. Relationship 
between regional cerebral blood flow and verbal fluency in 
Alzheimer's disease. Psychiatry Clin Neurosci 2001; 55: 
459-463. 

1 7. Gourovitch ML, Kirkby BS, Goldberg TE, et al. A comparison 
of rCBF patterns during letter and semantic fluency. 
Neuropsychology 2000; 14: 353-360. 

18. Hirono N, Mori E, Ishii K, et al. Neuronal substrates for 
semantic memory: a positron emission tomography study 
in Alzheimer's disease. Dement Geriatr Cogn Disord 2001; 12: 
15-21. 

19. Laukka EJ, Jones S, Small BJ, et al. Similar patterns of 
cognitive deficits in the preclinical phases of vascular 
dementia and Alzheimer's disease. J Int Neuropsychol Soc 
2004; 10: 382-391. 

20. Sakurai H, Hanyu H, Murakami M, et al. The category 
"animals" is more appropriate than the category 
"vegetables" to measure semantic category fluency. Geriatr 
Gerontol Int 2011; 11: 374-375. 

21. Rascovsky K, Salmon DP, Hansen LA, et al. Disparate letter 
and semantic category fluency deficits in autopsy- 
confirmed frontotemporal dementia and Alzheimer's 
disease. Neuropsychology 2007; 21: 20-30. 



344 



J Diabetes Invest Vol. 5 No. 3 May 2014 



2013 The Authors. Journal of Diabetes Investigation published by AASD and Wiley Publishing Asia Pty Ltd 



